Three new species of the genus Trachyandra are described, T. hantamensis Boatwr. & J.C.Manning, T. kamiesbergensis Boatwr. & J.C. Manning and T. sanguinorhiza Boatwr. & J.C.Manning. These species form part of a group of morphologically similar species referred to here as the T. thyrsoidea group and are distinguished by their generally small stature, filiform leaves (except for T. tortilis), and simple or shortly branched racemes of patent flowers with maculate tepals. Many of the species in the group have roots that contain abundant anthraquinones, visible as a red substance below the outer skin of the roots, and which is soluble in alcohol, thus often staining herbarium papers purple. A synopsis of the eight species that comprise the T. thyrsoidea group is presented, with maps of each species and illustrations of those described as new.
Introduction
The genus Trachyandra Kunth comprises ± 55 species widely distributed through Africa and Madagascar, with all but a handful of species concentrated in southern Africa (Thulin, 1995; Smith and Van Wyk, 1998) . The South African species were last revised by Obermeyer (1962) , with four additional species described since then (Manning, 1990; Perry, 1990; Manning and Goldblatt, 2007) .The genus is largely centred in the Greater Cape Region of South Africa where some 36 species are found (Goldblatt and Manning, 2000; Snijman et al., 2008) .
Examination of recent herbarium collections has revealed the existence of several additional unnamed species, mainly from the Succulent Karoo Biome. Three of these species are described here. They form part of an informal group of eight morphologically similar species in section Trachyandra, here called the Trachyandra thyrsoidea group. The group is distinguished by the generally small stature, filiform leaves (except T. tortilis), and simple or shortly branched racemes of patent flowers with maculate tepals. Many of the species in the group have roots that contain abundant deposits of an orange or red substance below the outer skin of the roots. A synopsis of all eight members recognised in the group is presented.
Materials and methods
Morphological characters of the eight species were studied using herbarium material in the main winter rainfall collections, namely from NBG (including SAM and STE), PRE and BOL, supplemented with selected online specimens from B and K (abbreviations according to Holmgren et al., 1990) . Some of the species, especially those described as new, were also studied in the field. Data on the distribution of the various species are presented as maps. These data were gathered from herbarium material, field notes, as well as from Leistner and Morris (1976) . Drawings were done using a stereoscope (WILD M4A) with a Available online at www.sciencedirect.com camera lucida attachment. Author citations are given in the taxonomic section and not repeated elsewhere.
Results and discussion

Vegetative morphology
The eight species of the Trachyandra thyrsoidea group are usually small in stature, generally less than 300 mm in height. Their roots vary from spreading-wiry and swollen towards the tips to thickened and ± fused into a swollen, tuber-or bulb-like structure. Most species reproduce vegetatively by occasional branching of the rhizome, thus either solitary or forming small clumps but T. prolifera is distinctly stoloniferous, producing new plants along the length of the roots. The roots of T. hantamensis, T. kamiesbergensis, T. karrooica, T. prolifera and T. sanguinorhiza develop a layer of red or orange tissue in the outer cortex immediately beneath a hard, brown outer skin. This substance is soluble in ethanol and then results in conspicuous purple stains on herbarium mounting boards. The roots of the Asphodelaceae are known to contain a mixture of anthraquinones, among them the red pigment chryslandicin, which has been isolated from the roots of Bulbine Wolf and Kniphofia Moench species (Dagne and Yenesew, 1994; Van Wyk et al., 1995) . The root chemistry of Trachyandra, however, is not known and studies are necessary to ascertain the identity of the red substance in the root tissue.
The leaves of all species in the group are filiform or linear, except in some forms of Trachyandra tortilis in which they are linear to lanceolate. The tips of the leaves are curled or loosely coiled in T. sanguinorhiza, while the leaves are helically coiled or sinuously folded in T. tortilis and T. zebrina. In T. tortilis the leaves are usually transversely plicate and folded like a concertina, rather than being coiled as in T. zebrina. The leaves of all the species are hirsute or hispid to muricate. The membranous cataphylls that surround the shoots as well as the leaf and scape bases are especially long in T. tortilis and T. zebrina, forming a tube around the leaf tuft. The cataphylls of T. zebrina bear characteristic transverse brown stripes.
Reproductive morphology
The inflorescences of species of the Trachyandra thyrsoidea group are either simple or shortly branched racemes, sometimes forming very compact panicles. Accessory branches (secondary branches developing alongside the main branches) are lacking except in robust plants of the paniculate species, T. thyrsoidea and T. tortilis, which sometimes develop a few accessory branches.
Most of the other species of section Trachyandra, notably the so-called tumble-weeds, develop well branched panicles with many accessory branches. Exceptions are members of two other informal groups, the T. ciliata group and the T. hispida group, which have simple, often congested racemes (Boatwright and Manning, in prep.) . The species of these groups differ in several respects from those of the T. thyrsoidea group, most notably in that their roots never have red inner tissues, and in their mostly broader leaves. The tepals in the T. hispida group are immaculate.
The bracts of Trachyandra hantamensis, T. thyrsoidea, T. tortilis, T. sanguinorhiza and T. zebrina are conspicuous, white and membranous with ciliate margins that are also often dentate. Trachyandra kamiesbergensis, T. karrooica and T. prolifera usually have ± inconspicuous, papery bracts with entire margins. The peduncles are glabrous, shortly pubescent, hispid or hirsute.
The tepals are white to pinkish with pinkish-brown midribs and conspicuous yellowish or greenish spots (maculae) near the base. They are usually pilose on the abaxial midrib. The flowers are patent and not nodding as in many other species in the genus and the tepals are mostly spreading and not reflexed, with the exception of T. kamiesbergensis. The pedicels of T. karrooica are exceptionally long (up to 40 mm long), while those of T. tortilis are recurved when in fruit.
The tips of the styles of Trachyandra hantamensis, T. thyrsoidea, T. sanguinorhiza, T. tortilis and T. zebrina are distally upcurved, a character that is unique in the genus. All the other species have straight or weakly declinate styles without recurved tips.
The capsules of the species in the Trachyandra thyrsoidea group are globose to obovoid or ellipsoid, sometimes elongate in T. tortilis, and are glabrous in all the species, except in T. zebrina where they are hispid. The seeds are angular, keeled and almost entirely enveloped by a sarcostesta that is diagnostic for the family. This gives the mature seeds a dull grey to black (rarely ochraceus) coloration and is also verrucose with wart-like protuberances that are visible as white spots. These are idioblasts containing raphide crystals. Deciduous geophyte, 120-300 mm high; plants clumpforming or roots stoloniferous. Rhizome short, vertical; roots swollen, fused above with rhizome, split below into elongate tubers or thinner and wiry, firm-textured, bright red internally with flaking, dark brown, leathery periderm, lanate distally, staining purple when pressed. Cataphylls surrounding shoots as well as leaf-and scape-bases, papery, white tinged red, 5-15 mm long. Leaves 10-35, erect, filiform, 60-150 × 0.5-1.0 mm, muricate or hirsute, straight. Inflorescence a simple raceme or with 2 or 3 branches, peduncle erect, terete, 2-3 mm diam. at base, hirsute; bracts ovate-acuminate, white, membranous, 5-10 × 2-3 mm, ciliate; pedicels erect, 8-15 mm long at anthesis, ultimately 10-20 mm long in fruit. Flowers patent, cream with brown midribs and paired maculae near base; tepals spreading but suberect and weakly clawed in basal ± 1 mm, outer elliptical, 7-8 × 1.5-2.0 mm, inner obovate, 7-8 × 2-3 mm. Stamens weakly dimorphic, suberect but sometimes upcurved apically; filaments filiform, white, outer ± 5 mm long, inner ± 6 mm long, weakly retrorsely scabrid; anthers yellow, 0.5-1.0 mm long. Ovary globose, ± 1.5-2.0 mm long, brownish, with ± 4 ovules per locule; style upcurved apically, filiform, ± 5-6 mm long, white. Capsule globose, 4-6 × 3-4 mm, light brown. Seeds angular, ± 1-2 × 1.0-1.5 × 1 mm, black or greyish-black, surface verrucose with wart-like idioblasts (sometimes visible as white spots) containing raphide crystals (Fig. 1) . Flowering time: August-September.
4.2.1.1. Diagnostic characters and relationships. Trachyandra hantamensis resembles T. sanguinorhiza in its often bulbous red roots, membranous, ciliate bracts and upcurved styles. It differs in its straight, hirsute leaves, hirsute peduncle, and longer pedicels, 8-15 mm long. In T. sanguinorhiza the leaves are muricate and curled at the tips, the peduncle is shortly pubescent, and the pedicels are 3-6 mm long. The two species occupy complimentary ranges, with T. hantamensis restricted to the Bokkeveld Plateau and T. sanguinorhiza to the Klein-Roggeveld.
Obermeyer (1962) included material of this species under T. patens Oberm., but noted that it was anomalous in its roots that stained the mounting paper purple and in the few-branched racemes.
4.2.1.2. Distribution and habitat. Trachyandra hantamensis occurs on tillite or clay soils between Loeriesfontein and Nieuwoudtville (Fig. 2) as a component of Nieuwoudtville Shale Renosterveld, which is known for its rich geophytic flora, especially in wetter places (Rebelo et al., 2006 Deciduous geophyte, 140-200 mm high. Rhizome short, vertical; roots swollen, fused above with rhizome, split below into elongate tubers tapering to wiry roots, firm-textured, bright red with flaking, dark brown and leathery periderm, staining purple when pressed. Cataphylls surrounding shoots as well as leaf-and scape-bases, papery, white tinged red, 10-30 mm long. Leaves 5-10, erect, linear-canaliculate, flushed pink basally, 100-150 × 1-2 mm, ciliate. Inflorescence racemose with 1 or 2 branches, peduncle suberect, often slightly curved, terete, 1-2 mm diam. at base, puberulous, glabrescent; bracts ovate-acuminate, white, 3-7 × 1.5-2.5 mm, glabrous; pedicels suberect, 6-10 mm long, ultimately ± 10-12 mm long. Flowers patent, white with brown midribs and paired greenish maculae near base, opening late afternoon, unscented; tepals suberect and weakly clawed in basal ± 1 mm, spreading-recurved above, outer elliptical, 6-8 × 1.5-2.0 mm, inner narrowly obovate, 6-8 × 2-3 mm. Stamens dimorphic, suberect below but sometimes apically upcurved and lowermost filament declinate; filaments filiform, white, outer ± 5 mm long, inner ± 6 mm long, retrorsely scabrid but basal third of inner filaments patently scabrid; anthers yellow, 1.0-1.5 mm long. Ovary globose, ± 1.0-1.5 mm long, brownish, with ± 4 ovules per locule; style weakly decurved, filiform, ± 4-5 mm long, white. Capsule globose to obovoid, 3-4 × 3-4 mm, light brown. Seeds angular, ± 2 × 1 × 1 mm, black, surface verrucose with wart-like idioblasts (sometimes visible as white spots) containing raphide crystals (Fig. 3) . Flowering time: October-November.
4.2.2.1. Diagnostic characters and relationships. Trachyandra kamiesbergensis is similar to T. karrooica in its fused, tuberous roots with red flesh, its linear leaves, ± straight style and globose capsules, but differs in having the leaves and peduncle puberulous, shorter pedicels (up to 12 mm long), and in flowering in spring. Trachyandra karrooica has glabrous or hispid leaves and a shortly pubescent peduncle, pedicels up to 40 mm long, and flowers in autumn.
4.2.2.2. Distribution and habitat. Trachyandra kamiesbergensis appears to be endemic to the Kamiesberg in central Namaqualand, where it occurs on well-drained sandy soil or stony granite soil (Fig. 2) , in Namaqualand Granite Renosterveld (Rebelo et al., 2006 into elongate to obovoid tubers tapering to wiry roots, firmtextured, bright red with flaking, dark brown, leathery periderm, staining purple when pressed. Cataphylls surrounding shoots as well as leaf-and scape-bases, papery, white tinged red, 5-18 mm long. Leaves 3-7, erect or deflexed to one side, linearcanaliculate, flushed pink basally, 40-160 × 1-3 mm, glabrous, muricate or hirsute. Inflorescence racemose with 1-3 branches, peduncle suberect, often slightly curved, terete, 1-2 mm diam. at base, shortly pubescent; bracts ovate-acuminate, white, papery, 2-4 × 1-2 mm, glabrous; pedicels patent, 10-20 mm long at anthesis, ultimately ± 15-40 mm long in fruit. Flowers patent, white with brown midribs and paired yellow maculae near base, opening late afternoon, faintly sweet scented; tepals spreading but suberect and weakly clawed in basal ± 1 mm, outer elliptical, 8-10 × 1-2 mm, inner narrowly obovate, 8-10 × 2-3 mm. Stamens dimorphic, suberect; filaments filiform, white, outer ± 6 mm long, inner ± 7 mm long, retrorsely scabrid but basal third of outer filaments sometimes glabrous; anthers yellow, 1.0-1.5 mm long. Ovary globose, ± 1.0-1.5 mm long, brownish, with ±6 ovules per locule; style weakly decurved, filiform, ± 7-8 mm long, white. Capsule globose to obovoid, 2-4 × 2-4 mm, light brown. Seeds angular, ± 1.5-2 × 1.0-1.5 × 1.0-1.5 mm, black, surface verrucose with wart-like idioblasts (sometimes visible as white spots) containing raphide crystals. Flowering time: February-April. Two collections were in flower in October.
4.2.3.1. Diagnostic characters and relationships. Trachyandra karrooica is similar to T. kamiesbergensis and T. prolifera in the roots that have a red inner tissue and in its straight styles, but differs from both of these in the extremely long pedicels (up to 40 mm long), and from the latter in its smaller flowers (up to 22 mm in diameter) and non-vegetatively reproducing roots. Trachyandra prolifera and T. karrooica are both autumnflowering.
Distribution and habitat.
This species is widely distributed and has been collected in Namibia east of Henties Bay and in South Africa from Cornellsberg through the Namaqualand and central Northern Cape east to Willowmore (Fig. 4) . It has been collected on rocky, sandy and clay soil. Obermeyer (1962) included Merxmüller 1719 collected in Namibia under this species. This extreme outlying population could be the result of the species being poorly represented in herbarium records for that area or possibly that it is poorly collected in these regions since it flowers in autumn when many botanists are not in the field. Deciduous geophyte, 100-200 mm high, roots stoloniferous and plants growing in clumps. Rhizome short, vertical; roots swollen, fused above with rhizome, split below into spreading roots or elongate tubers tapering to wiry roots, firm-textured, bright red with flaking, dark brown, leathery periderm, staining purple when pressed. Cataphylls surrounding shoots as well as leaf-and scape-bases, papery, white, 6-10 mm long. Leaves 3-8, erect, filiform, terete, flushed pink basally, 80-200 × 1.0-1.5 mm, glabrous. Inflorescence a simple raceme, peduncle erect, terete, 0.5-1.0 mm diam. at base, shortly pubescent at base and becoming glabrescent above; bracts ovate-acuminate, white, papery, 3-4 ×1-2 mm, with denticulate margins; pedicels erect, 4-8 mm long at anthesis (fruiting material not seen). Flowers patent, white with brown midribs and paired yellow maculae near base, opening midday (in cultivation, see Perry, 1990) , sweet scented; tepals spreading but suberect and weakly clawed in basal ± 1 mm, outer elliptical, 12-14 × 1.5-2.0 mm, inner narrowly obovate, 12-14 × 2.5-3.0 mm. Stamens dimorphic, suberect below but sometimes apically upcurved; filaments filiform, white, outer ± 8 mm long, inner ± 10 mm long, retrorsely scabrid but basal third of inner filaments patently scabrid; anthers yellow, 1.0-1.5 mm long. Ovary globose, ±1.5 mm long, brownish, number of ovules unknown; style weakly decurved, filiform, ± 10 mm long, white. Capsule unknown. Seeds unknown. Flowering time: March-April.
Diagnostic characters and relationships.
This species is similar to Trachyandra karrooica in that both species are autumn-flowering and have roots with red inner tissues. Trachyandra prolifera differs in the roots that are spreading and which can reproduce vegetatively, shorter pedicels (up to 8 mm long) and larger flowers which are up to 30 mm in diameter (those of T. karrooica up to 22 mm in diameter). (Fig. 2) where it occurs in red clay soils on dolerite (Perry, 1990 ). Deciduous geophyte, 100-220 (-350) mm high. Rhizome short, vertical; roots swollen, fused above with rhizome, split below into turbinate tubers which taper to a wiry root, firmtextured, bright red with flaking, dark brown, leathery rind, lanate distally, staining purple when pressed. Cataphylls surrounding shoots as well as leaf-and scape-bases, papery, white tinged red, 10-25 mm long. Leaves 4-20, erect, filiform, bases pink, 80-240 × 0.5-1.0 mm, muricate, curled apically. Inflorescence a simple raceme or with 1 or 2 basal branches, peduncle suberect, often slightly curved, terete, 2-3 mm diam. at base, shortly pubescent; bracts ovate-acuminate, white, membranous, 6-8× 3-4 mm, ciliate; pedicels erect in bud, 3-6 mm long at anthesis, ultimately ± 7-8 mm long in fruit, pilose. Flowers patent, pinkish-white with pinkish-brown midribs and paired greenish maculae near base, opening mid-morning and fading late afternoon, with a musky fragrance (sweet scented like Rève d'or rose, Marloth 10399, PRE); tepals spreading but suberect and weakly clawed in basal ± 1 mm, outer elliptical, 8-10 × 1.5-2.0 mm, inner obovate, 8-9× 2-3 mm. Stamens weakly dimorphic, suberect below but anthers sometimes upcurved and lower two filaments declinate; filaments filiform, white, outer ± 6 mm long, inner ± 7 mm long, distal two thirds retrorsely scabrid but basal third patent-scabrid, inner filaments with patent marginal scabrae longer, thus scabrid-ciliate in lower third; anthers yellow, 1.0-1.5 mm long. Ovary globose, ±1.0-1.5 mm long, brownish, with ±8 ovules per locule; style upcurved apically, filiform, ±5-6 mm long, white. Capsule globose to obovoid, 3-5 ×3-5 mm wide, light brown. Seeds angular, ±2 × 2 ×1 mm, black, surface verrucose with wart-like protuberances (which are sometimes visible as white spots) containing raphide crystals (Fig. 1) . Flowering time: August-September.
Distribution and habitat. Tracyandra prolifera is restricted to the Bokkeveld Plateau around Nieuwoudtville
4.2.5.1. Diagnostic characters and relationships. Trachyandra sanguinorhiza is similar to T. thyrsoidea in its membranous bracts and upcurved styles, but the roots differ in that they are bulbous and have red inner tissues. In T. thyrsoidea the roots are white, finger-like and swollen towards the ends. Obermeyer (1962) included material of this new taxon under T. patens Oberm. but did, however, note the simple racemes and purplestaining, bulbous roots, two of the most important distinguishing characters of this species. Snijman et al. (2008) also noted the distinctiveness of this species and list it as Trachyandra sp. A. in their treatment of the flora of the Namaqualand-Namib Succulent Karoo and surrounding areas. 4.2.5.2. Distribution and habitat. Trachyandra sanguinorhiza occurs on sandy loam or rocky flats in the KleinRoggeveld (Fig. 2) in Central Mountain Shale Renosterveld which sustains a rich geophytic flora in the wetter habitats (Rebelo et al., 2006 Deciduous geophyte, 80-260 mm high. Rhizome short, vertical; roots swollen, fused above with rhizome, split below into finger-like, wiry roots that are swollen towards the tips, firm-textured, white with smooth periderm, not staining purple when pressed. Cataphylls surrounding shoots as well as leafand scape-bases, papery, white, 10-30 mm long. Leaves 4-12, erect, linear-canaliculate, white basally, 80-260 × 2-3 mm, hirsute. Inflorescence racemose or paniculate with 3 or many branches, peduncle suberect, often slightly curved, semi-terete, 3-6 mm diam. at base, hirsute; bracts ovate-acuminate, white, membranous, 8-10 × 2-4 mm, ciliate; pedicels erect, ± 5-10 mm long at anthesis, ultimately ± 8-15 mm long in fruit. Flowers patent, pinkish-white with pinkish brown midribs and paired yellow maculae near base, opening mid-morning and fading late afternoon, unscented; tepals spreading but suberect and weakly clawed in basal ± 1 mm, outer elliptical, 7-9 × 1.5-2.0 mm, inner narrowly obovate, 7-9 × 2.5-3.0 mm. Stamens dimorphic, suberect below but sometimes apically upcurved and lowermost filament declinate; filaments filiform, white, outer ± 4 mm long, inner ± 5 mm long, retrorsely scabrid but basal third of inner filaments patently scabrid; anthers yellow, 0.5-1.0 mm long. Ovary globose, ± 1.0-1.5 mm long, brownish, with ± 10-12 ovules per locule; style upcurved apically, filiform, ± 4-5 mm long, white. Capsule globose, 5-6 × 4-5 mm, light brown. Seeds angular, ± 1.5-2.0 × 1.0-1.5 × 1.0-1.5 mm, black, surface verrucose with wart-like idioblasts (sometimes visible as white spots) containing raphide crystals. Flowering time: July-September.
4.2.6.1. Diagnostic characters and relationships. This species is similar to Trachyandra sanguinorhiza in the large, papery bracts and simple to somewhat branched racemes with pinkish flowers, but differs in the many finger-like roots that are sometimes swollen towards the tips, but never bulbous or purple staining.
4.2.6.2. Distribution and habitat. Trachyandra thyrsoidea occurs around the Matjiesfontein, Laingsburg and Oudtshoorn areas in rocky, well-drained soil (Fig. 5). filaments filiform, white, outer ± 6 mm long, inner ± 7 mm long, retrorsely to patently scabrid but basal third of inner filaments often glabrous; anthers yellow, 1.0-1.5 mm long. Ovary elliptic, ±1.0-1.5 mm long, brownish, with ±10 ovules per locule; style upcurved apically, filiform, ±5-6 mm long, white. Capsule ellipsoid, 4-8 × 2.5-4.0 mm, light brown. Seeds angular, ±1.5-2.0 ×1.0-1.5 ×1 mm, grey-black to ochraceus, surface verrucose with wart-like idioblasts (sometimes visible as white spots) containing raphide crystals. Flowering time: May-September.
4.2.7.1. Diagnostic characters and relationships. This species is similar to Trachyandra zebrina in the usually coiled leaves, large cataphylls (up to 30 mm long) and upcurved styles, but differs in that the cataphylls are not striped (transversely striped in T. zebrina), the leaves are transversely plicate (spirally coiled in T. zebrina), and the fruiting pedicels recurved. It is very appealing to succulent growers and also easily cultivated (Van Jaarsveld, 1991).
4.2.7.2. Distribution and habitat. Trachyandra tortilis occurs from Kuboes in the Richtersveld through the higher-lying parts of Namaqualand and across the Knersvlakte to Vredendal, with outlying collections further to the south from near Clanwilliam, Hopefield and Saron. The species occurs on well-drained rocky or clay soil, riverbeds or quartz patches (Fig. 5) .
